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EXECUTIVE SUMMARY
Water Body Name: Lower San Joaquin River (LSJR)

Project Area: LSJR Watershed downstream of the Mendota dam to
Airport Way Bridge near Vernalis

Pollutants Addressed: Salinity, boron
Extent of Impairment: 130 river miles, 2.9 million acres

Beneficial Uses

Affected: Agricultural supply, municipal supply
Watershed Highly managed hydrology with numerous tributary
Characteristics: impoundments and extensive diversion of river flows.

Substantial water importation from Delta for irrigation and
wetland supply. Flows and water quality are significantly

influenced by surface and subsurface agricultural drainage.
Water quality generally improves downstream as tributary
inflows dilute agricultural and wetland discharges.

The LSJIR is listed on the Federal Clean Water Act’s 303(d) list as impaired for salinity
and boron. The impairment extends from downstream of the Mendota Pool to the Airport
Way Bridge near Vernalis. The 303(d) listing requires development of a Total Maximum
Daily Load (TMDL) for salinity and boron in the LSJR. This TMDL has been developed
to: 1) identify the major sources of salt and boron loading to the LSJR; 2) determine the
maximum amount of salt and boron loading that occur while still meeting water quality
objectives; and 3) equitably allocate the available assimilative capacity among the
identified sources. The major components of the TMDL are a problem statement,
numeric targets, a source analysis, and Waste Load Allocations (WLAs) and load
allocations (LAs).

The San Joaquin River is a major tributary of the Delta (Delta) that drains approximately
8.7-million acres in California’s Central Valley. The LSJR watershed is located in
portions of Stanislaus, Madera, Merced, San Joaquin, and Fresno Counties. The project
area for the TMDL encompasses approximately 2.9 million acres and agriculture is the
predominant land use (1.4-million acres). Salinity and boron water quality objectives in
the LSJR are frequently exceeded during the irrigation season.

The existing water quality objectives for the LSJR at the Airport Way Bridge near
Vernalis are used as the numeric targets for this TMDL. The salinity water quality
objectives for the LSJR were adopted by the State Water Resources Control Board
(SWRCB). Subsequent to the adoption of these water quality objectives, the SWRCB
directed the Central Valley Regional Water Quality Control Board (RWQCB) to establish
salinity objectives for the LSJR upstream of Vernalis. Consequently, the Regional Board
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is currently in the process of preparing an amendment to the Water Quality Control Plan
for the Central Valley (basin plan) to establish salinity water quality objectives upstream
of Vernalis. The Regional Board has adopted boron water quality objectives for the
LSJR, however, these objectives were never approved by the U.S. Environmental
Protection Agency (U.S. EPA). The existing boron objectives will therefore be reviewed
as part of the ongoing Basin Plan Amendment process to establish new salinity
objectives.

The source analysis describes the magnitude and location of the sources of salt and boron
loading to the river. The watershed is divided into seven component subareas to
elucidate differences in salt and boron loading between different geographic areas.
Approximately 66 percent of the LSJR’s total salt load and 86 percent of the boron load
originates from the west side of the San Joaquin River (Grasslands and Northwest Side
Subareas). Agricultural drainage, discharge from managed wetlands, and groundwater
accretions are the principle sources of salt and boron loading to the river. Additionally,
large-scale out-of-basin water transfers have reduced the assimilative capacity of the
river, thereby exacerbating the salt and boron water quality problems. At the same time,
imported irrigation water from the Delta has increased salt loading to the basin. Salts in
supply water from the Delta account for almost half of the LSJR’s mean annual salt load.
This TMDL uses a phased approach because it involves both point and non-point sources
(NPSs) and the point source WLA is based on a LA for which NPS controls need to be
implemented. A phased approach is also necessary because new or revised water quality
objectives for salinity and boron may be established as part of the ongoing basin plan
amendment. The WLAs and LAs presented in this TMDL are designed to meet salinity
and boron water quality objectives in the LSJR at the Airport Way Bridge near Vernalis.
These WLAs and LAs will need to be revised to reflect any new or revised water quality
objectives. The methods used in this TMDL to develop allocations can be easily updated
to calculate LAs based upon new or revised water quality objectives.

Waste Load Allocations (WLAs)

Salt WLAs are proposed for the City of Turlock and the City of Modesto wastewater
treatment plants, the two point sources that discharge directly to the LSJR. The WLAs
are concentration based and are set equal to the Vernalis salinity water quality objectives.

Load Allocations (LAs)

The SJR salinity problem is not conducive to establishment of simple fixed or seasonal
monthly LAs for NPSs. Consideration of the following factors necessitated use of a more
complicated, formulaic TMDL:

e Salt and boron occur naturally in soils within the TMDL project area and these
salts are readily evapoconcentrated through sequential re-use and consumptive
use of water

e Significant salt loads are delivered to the basin from outside sources which restrict
the ability of non-point source dischargers to comply with discharge load limits
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e Strict adherence to fixed LAs would restrict the ability to export salt from the
LSJR basin such that there would be a net salt buildup in the watershed and long-
term degradation of ground and surface waters

Base Load Allocation

Simple, fixed base LAs for non-point source (NPS) discharges from the seven geographic
subareas have been established by calculating the available assimilative capacity of the
LSJR at the Airport Way Bridge near Vernalis for the lowest anticipated flow conditions.
The base load allocation calculation method uses an operations model to identify low
flow conditions for a 73-year historical flow record, sorted by water-year type and month.
WLAs, background salt loading, and groundwater salt loading are subtracted from the
total loading capacity to determine the salt load that can be allocated to NPSs. The non-
point source load allocation is apportioned into base LAs for the seven geographic
subareas. The base load allocation considers the seasonal variability of flows in the LSJR
and includes an implicit margin of safety (MOS) since the allocations are based upon the
lowest flow conditions anticipated in the LSJR for each month and water year type.

Consumptive Use Allocation (CUA)

Each subarea is also provided a consumptive use allocation that allows for unlimited
discharge of relatively high quality water. Through addition of this consumptive use
allocation to all discharges, this TMDL recognizes the need to provide a base salt load
allocation to account for evapoconcentration of salts in a high quality supply water and
opportunity for discharging relatively high quality water.

Supply Water Credit and USBR LAs

Additional LAs have been provided to the Grasslands and Northwest Side Subareas to
account for the local impact of degraded Central Valley Project (CVP) and surface water
supplies delivered to these subareas. This additional salt load allocation is offset by
establishing LAs (limits) for the CVP. In effect, responsibility is placed on the U.S.
Bureau of Reclamation (USBR) for salt loads in CVP water delivered to the TMDL
project area that is in excess of a base load for an equivalent volume of Sierra Nevada
quality water.

Real Time Relaxation

The base LAs are very conservative because they have been designed to meet water
quality objectives during critically low flow conditions. This TMDL recognizes that
strict adherence to these base LAs would restrict the ability to export salt from the LSJR
basin, likely resulting in a net salt buildup in the watershed and long-term degradation of
ground and surface waters. To overcome this restriction, the TMDL provides for an
additional real-time load allocation. The real-time load allocation can be used in-lieu of
the fixed base load allocation to maximize salt export from the LSJR basin while still
meeting water quality objectives. To ensure that the water quality objectives are met,
development of an acceptable real-time management program is a prerequisite to use of
real-time LAs.

Linkage Analysis

A linkage analysis was developed as a check of the LAs. The analysis shows that salinity
water quality objectives will be exceeded approximately 15 percent of the time, even with
the TMDL in effect. These water quality violations occur during months when no WLAs
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or LAs are provided. This is a result of the high salt loading from groundwater accretions
in association with extremely low river flows. No explicit load reductions are imposed
for groundwater loading, although it is anticipated that compliance with this TMDL,
which includes mitigation for salt imports by the USBR, and increased out of basin salt
exports through real time L As, will result in no increase in groundwater salt accretions to
the LSJR.

Boron allocations

No explicit boron WLAs or LAs are needed to meet boron objectives for the LSJR near
Vernalis. This TMDL shows that compliance with the established salt LAs will result in
attainment of boron objectives. The linkage analysis indicates that the boron water
quality objectives for the LSJR at the Airport Way Bridge near Vernalis will be exceeded

approximately one percent of the time with the TMDL in effect. These violations only
occur during months and year-types for which no WLAs or LAs are provided.

Load Allocation Summary
It is not possible to present simple, fixed LAs for this TMDL. Following is a table
containing descriptions and references for the various TMDL LAs in this TMDL report.

Load Allocation Summary

Allocation Type Description Table | Page
WLAs Point source allocations 4-7 64
Base Load Allocation | Base load allocation for each geographic
. . 4-15 70
subarea with no Credits
Consumptive Use A formulaic allowance that is based upon the | Equation 63
Allocation volume of water being discharged 4-11
DMC Supply Water Additional load allocation provided to users
Credit that receive supply water from the Central 4-19 76
Valley Project Delta Mendota Canal
SJR Supply Water Additional load allocation provided to users 429 3
Credit that divert supply water from the SJR
USBR Load Load allocation provided to the USBR; the
Allocation USBR is responsible for mitigation of salt 4-23 79
loads delivered in excess of these allocations
Real Time Relaxation | An additional load allocation provided to .
: Equation
allow for discharge of salt loads when 491 81
assimilative capacity

1-4




1.0 PROBLEM STATEMENT

The LSJR is on California’s Clean Water Act Section 303(d) list of impaired waters due
to elevated concentrations of salinity and boron. Portions of the river are also listed as
impaired due to elevated concentrations of selenium and organophosphorus pesticides.
The SJR downstream of Vernalis is listed for depressed dissolved oxygen levels.

Since the 1940s, mean annual salt concentrations in the Lower San Joaquin River (LSJR)
at the Airport Way Bridge near Vernalis have doubled and boron levels have increased
significantly. Water quality monitoring data collected by the Regional Board and other
governmental agencies including the United States Geological Survey (USGS),
Department of Water Resources (DWR), and the United States Bureau of Reclamation
(USBR) indicates that water quality objectives for salinity and boron are frequently
exceeded during certain times of the year and under certain flow regimes. Consequently,
the river no longer supports all of its designated beneficial uses.

The salinity and boron water quality impairment in the river has occurred, in large part,
as a result of large-scale water development coupled with extensive agricultural land use
and associated agricultural discharges in the watershed. Upstream river flows have been
severely diminished by the construction and operation of dams and diversions. Diverted
natural river flows have been replaced with poorer quality (higher salinity) imported
water that is primarily used for irrigating crops. Surface and subsurface agricultural
discharges are the largest sources of salt and boron loading to the river. During the
irrigation season, the river is heavily influenced by irrigation return flows. Water quality
generally improves downstream as higher quality tributary flows dilute salt and boron
concentrations.

The purpose of the LSJR total maximum daily load (TMDL) for salinity and boron is: 1)
to identify and quantify the sources of salt and boron loading to the river; 2) to determine
the load reductions necessary to achieve attainment of applicable water quality objectives
in order to protect the beneficial uses of water; and 3) to allocate salt and boron loads to
the various sources and source areas within the watershed which, once implemented, will
result in attainment of applicable water quality objectives.

1.1 Clean Water Act Section 303(d) and TMDL Process

Section 303(d)(1)(A) of the Clean Water Act requires that “Each State shall identify
those waters within its boundaries for which the effluent limitations ... are not stringent
enough to implement any water quality standard applicable to such waters.” The Clean
Water Act also requires states to establish a priority ranking for waters on the 303(d) list
of impaired waters and to establish TMDLs for those listed waters. Essentially, a TMDL
is a planning and management tool intended to identify, quantify, and control the sources
of pollution within a given watershed to the extent that water quality objectives are
achieved and the beneficial uses of water are fully protected. A TMDL is defined as the
sum of the individual WLAs from point sources, LAs from non-point sources (NPSs) and
background loading (BG), plus an appropriate margin of safety (MOS). Loading from all

I-5



pollutant sources must not exceed the Loading Capacity (LC) of a water body, the LC is
the amount of pollutant that a water body can receive without violating Water Quality
Objectives.

TMDL = LC = YWLA + YLA + MOS (1-1)

The specific requirements of a TMDL are described in 40 CFR 130.2 and 130.7, and
Section 303(d) of the Clean Water Act, as well as in U.S. EPA 1991. In California, the
authority and responsibility to develop TMDLs rests with the Regional Boards. The
Environmental Protection Agency (U.S. EPA) has federal oversight authority for the
303(d) program and may approve or disapprove TMDLs developed by the state. If the
EPA disapproves a TMDL developed by the state, the EPA is then required to establish a
TMDL for the subject water body.

1.2 Watershed Setting and Project Scope

The southern part of the Central Valley of California is comprised of two hydrologic
basins: the San Joaquin River (SJR) and the Tulare Lake Basins. The SJR Basin is
drained by the SJR, which discharges to the Sacramento-San Joaquin Delta (Delta). The
Tulare Lake Basin is for the most part an internal drainage basin that occasionally
overflows into the SJR basin during extremely high flood flow periods. Otherwise these
watersheds have separate drainages.

The SJR watershed is bounded by the Sierra Nevada Mountains on the east, the Coast
Ranges on the west, the Delta to the north, and the Tulare Lake Basin to the south. From
its source in the Sierra Nevada Mountains, the SJIR flows southwesterly until it reaches
Friant Dam. Below Friant Dam, the SJR flows westerly to the center of the San Joaquin
Valley near Mendota, where it turns northwesterly to eventually join the Sacramento
River in the Delta. The main stem of the entire SJR is about 300 miles long and drains
approximately 13,500 square miles.

The major tributaries to the SJR upstream of the Airport Way Bridge near Vernalis (the
boundary of the Delta) are on the east side of the San Joaquin Valley, with drainage
basins in the Sierra Nevada Mountains. These major east side tributaries are the
Stanislaus, Tuolumne, and Merced Rivers. The Cosumnes, Mokelumne, and Calaveras
Rivers flow into the SJR downstream of the Airport Way Bridge near Vernalis. Several
smaller, ephemeral streams flow into the SJR from the west side of the valley. These
streams include Hospital, Ingram, Del Puerto, Orestimba, Panoche, and Los Banos
Creeks. All have drainage basins in the Coast Range, flow intermittently, and contribute
sparsely to water supplies. Mud Slough (north) and Salt Slough also drain the Grassland
Watershed on the west side of San Joaquin Valley. During the irrigation season, surface
and subsurface agricultural return flows contribute greatly to these creeks and sloughs.

The geographic scope of this TMDL is the LSJR downstream of the Mendota Dam to the
Airport Way Bridge near Vernalis. The LSJR watershed is defined as the area draining to
the SJR downstream of the Mendota Dam and upstream of Vernalis. For TMDL
planning and analysis purposes, the LSJR watershed excludes areas upstream of dams on
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the major Eastside reservoirs: New Don Pedro, New Melones, Lake McClure, and similar
Eastside reservoirs in the LSJR system. The southeastern boundary of the TMDL project
area is formed by the LSJR (from the Friant Dam to the Mendota pool) to include the
lands that drain to the Mendota Pool. The LSJR Watershed, as defined here, drains
approximately 2.9 million acres (Figure 1-1 and Figure 1-2). The geographic attributes of
the TMDL project area are discussed in detail in Section 3.4 of this report.
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Figure 1-1: Location Map
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Flgure 1-2: Detail View of TMDL Project Area
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1.3 Background
The San Joaquin Valley occupies approximately 18 million acres in the southern portion
of California’s Central Valley, accounting for almost 18 percent of the total land area of
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the state. The San Joaquin Valley has historically been recognized as a leading region for
agricultural production in the State of California as well as the nation. The valley is
home to five of the top ten agricultural producing counties in the U.S. with approximately
5 million acres of land devoted to irrigated agriculture (Parsons, 1986). Accordingly, the
region’s economy and historical urban development have been closely linked to
agricultural activities. Agricultural prosperity in the San Joaquin Valley has not come
without its problems. Over 100 years of water development and irrigation has resulted in
significant degradation of surface and groundwater quality. Irrigation of soils containing
naturally high levels of salts and certain trace elements, coupled with extreme hydrologic
modifications and water importations has accelerated the accumulation of salts and boron
in the soil, groundwater, and surface waters of the region. Salt and boron concentrations
have been elevated to the extent that agricultural productivity has been diminished in
some areas and receiving waters no longer meet water quality objectives during certain
times of the year.

In addition to agriculture, the San Joaquin Valley is known for its high natural resource
values. It is estimated that the San Joaquin Valley once contained about 1.1 million acres
of permanent and seasonal wetlands, with approximately 731 thousand acres occurring
within the SJR Basin and 360 thousand acres occurring within the Tulare Lake Basin.
Prior to major water developments, the SJR watershed supported a superlative Chinook
Salmon fishery and tens of thousands of salmon probably spawned in its headwaters
(SWRCB, 1987), however, steady declines in fish and wildlife habitat have occurred in
connection with large-scale agricultural and urban water development. Approximately
92 percent of the historic seasonal and permanent wetlands in the San Joaquin Valley
have been drained and/or reclaimed for agricultural purposes (SJVDP, 1990a). The San
Joaquin Valley, however, remains a critical habitat for fish and wildlife; as many as
twenty-four state or federally listed threatened and endangered species (plant and animal)
are now found in the valley.

The SJR is also an important drinking water source 